Small kerosene diesel-engine power generators are introduced into an independent micro-grid (IMG) that connects 20 houses, and power and heat are supplied to them. A 3 kW engine generator is installed in six houses, and a boiler and a heat storage tank are also installed, and exhaust heat to make up for insufficiency is supplied. The boiler is installed in the house that does not install the engine generator, and heat is supplied to the demand side. Partial load operation of the engine generator has a large influence on power generation efficiency. Therefore, this paper discusses the system that controls the power of the engine generator by the power distribution control system using the genetic algorithm (GA), and the control system that changes the number of operations of the engine generators according to the magnitude of the power load. As a case study, the energy-demand model of the 20 houses in Sapporo was analyzed. As a result, the annual energy cost of the number of operations system and the power distribution control system is reducible with 16% and 8% compared with the conventional method, respectively. However, it depends for this cutback effect on the heat demand characteristic greatly, and when the proposed system is introduced into a community with little heat demand, effectiveness will decrease greatly.
Introduction
The independent micro-grid (IMG) that accommodates power and heat independently without connecting with other power systems is expected to back up power supply in an emergency, and at peak cuts of a power plant, and the effective use of exhaust heat is anticipated (1) (2) (3) (4) . Usually, since the energy transport distance of a micro-grid is short, effective use of exhaust heat is possible. The change factor of the power load changes over a short period, such as with an inrush current, and there is a change over a long period in the demand. In IMG with large load fluctuation, the dynamic characteristics of the grid and fall in generation efficiency due to partial load are subjects. On the other hand, because the power is supplied to various demand sides, the load of a large-scale power generation system is leveled. Load fluctuations can be leveled by installing a battery in IMG (5) .
However, installation of a battery is disadvantageous when facility cost and maintenance are taken into consideration. In IMG that does not have a battery installed, the power generator connected to the grid is expected to have frequent partial-load operations with low efficiency. As a result, it is expected that power generation efficiency in the entirety of distributed power generators is inferior to large-scale existing power facilities. Therefore, in this paper, regarding IMG introduced into city areas, the operation plan of each engine generator is investigated for the efficiency fall of the distributed small engine generator by numerical analysis, and improvement is attempted. The distributed engine generator supplies the power and heat to the house that installed the facility first. Furthermore, the surplus power of the engine generator is supplied to other houses through IMG. The heat demand of the houses in which an engine generator is installed is supplied by the heat power of the exhaust heat of the engine generator, backup boiler, and heat storage tank. In houses in which an engine generator is not installed, a boiler is operated and heat is supplied. Therefore, the cost of the heat in each house differs according to the operation method of the engine generator. Then, a controller adjusts the power distribution of the engine generator connected to IMG, and the operation method aiming at high power generation efficiency and effective use of exhaust heat is examined. Therefore, this paper discuss the system that controls the power of engine generators by the power distribution control system using the genetic algorithm (GA (6, 7) ), and the control system that changes the number of operations of engine generators according to the magnitude of power load. GA can apply to a nonlinear many-variables problem, and there are many introduction cases until now (6, 7) . Since GA is a random search, there are few constrain conditions, and judgment of a designer is hard to be taken into consideration. The micro-grid can use exhaust heat with few heat radiation compared with large-sized power facilities. For that reason, if the micro-grid is used in an area with much heat demand, it will be predicted that the reduction effective of energy cost is large. Therefore, in this paper, the energy-demand model of the house in Sapporo with much heat demand is analyzed. In this paper, the energy efficiency, the energy cost, and the operation method when using IMG by these two control methods are investigated.
System description

Independent micro-grid configuration
A schematic figure of IMG constituted from the engine generator assumed in this paper is shown in Fig. 1 . The engine generator is installed in 20 houses. As houses connected to the IMG, there are houses that installs the engine generator (Fig. 2) , and houses that is not installed. A boiler is installed in all 20 houses and the heat of the house with that the engine generator is not introduced is supplied from the boiler. On the other hand, in the house that installs the engine generator, the heat storage tank for exhaust heat is installed. Among the 20 houses connected to the IMG, engine generators are installed in 6 houses. In addition, the power generation capacity of the engine generators is 3 kW, and the output characteristics of all the engine generators are set to be the same. The engine generator consists of a kerosene diesel-engine and a synchronous power generator. The power generated with the engine generators are supplied to each house through a system interconnection device and the IMG. The system interconnection device also intermediates the connection of the load and the IMG. The synchronization of the generated alternating current power and the power of the IMG is controlled by the system interconnection device. The system configuration of the engine generator installed in each house is shown in Fig.  2 . The exhaust heat outputted with an engine generator is engine-cooling water and exhausts gas, and this heat is stored in a heat storage tank through a heat exchanger. In addition, the heat-transfer-medium heat exchanger for supplying heat to a house is installed in the heat storage tank. After exchanging this heat transfer medium for exhaust heat in the heat storage tank, it is supplied to a backup boiler. When there is a large amount of exhaust heat compared with the heat load, the excess exhaust heat is stored in the heat storage tank. On the other hand, when the exhaust heat exceeds the heating storage capacity of the heat storage tank, the exhaust heat is released from a radiator. In houses that the engine generator is not installed, power generated with the engine generator of other houses through IMG is used. Figure 3 (a) shows the power generation efficiency model of the central system of the engine generator, and Figs. 3 (b-1), (b-2) and (b-3) show the power generation efficiency model of the distribution system. In the central system, the power is supplied with the one-set engine generator. The capacity of the engine generator shown in Fig. 3 (a) is 9kW. Here, load factor is the value that divided the amount of power generation by the capacity of the power generator. As shown in Fig. 3 (a) , the power generation efficiency in the case of corresponding to 3.0, 4.5, 6.0 and 9.0 kW load with one set of engine generator (E/G (0)) are 18, 24, 27, 30%. efficiency of the distributed system. In this distributed system, it is assumed that a three-set engine generator, E/G (1), E/G (2), and E/G (3) with a power generation capacity of 3 kW, are installed. When 3.0, 4.5, 6.0, and 9.0 kW power load are added to IMG with the distributed system, each power generation efficiency is 30, 29, 30, and 30%, respectively. It is because a three-set engine generator can be operated at the maximum efficiency point to 3, 6, and 9kW power load. For example, when 6kW load is added to IMG, E/G (1) and E/G (2) will be operated at the maximum efficiency point, and E/G (3) will stop. Furthermore, when 4.5kW load is added to IMG, for example E/G (1) and E/G (2) are operated with a 2.25kW output, it can operate at efficiency higher than Fig. 3 (a) . Therefore, this paper investigates the operation method of IMG regarding the power distribution control method of each engine generator, and the control of the number of operations method of the engine generators.
Operating method
Control system of engine generators
The engine generators connected to the IMG are controlled by the power distribution control system and the control of the number of operations system. In this paper, a power distribution control system is analyzed using the genetic algorithm (GA (6, 7) ). The chromosome model (Fig. 4 ) introduced into GA expresses the load ratio of six engine generators, and describes each gene group by 8 bits of 0 and 1. The production of electricity in sampling time t of each engine generator is calculable from the amount of power demand and load rate of the IMG. An objective function is the minimization of the fuel cost of one year, as Eq. (1) shows. It is evaluated that the value with a smaller fuel cost of one year shown by Eq. (1) of the adaptive value of GA is higher. The fuel cost of one year is the sum total of the fuel cost of an engine generator (
, ), the fuel cost of the boiler introduced into a house that the engine generator is installed ( n t be Y , , ), and the fuel cost of the boiler introduced into a house that the engine generator is not installed ( t bn Y , ). Figure 5 shows the analysis flow of the GA. In the GA, many chromosome models (load ratio of engine generators) are prepared at random, and let these be initial generations. The number of individuals with a high adaptive value of objective function Eq. (1), initial-generation chromosome model group, is increased, and it is operated so that a low adaptive value may be selected. Mutation is added to the chromosome model group, and the generation is changed, maintaining as much collective variety as possible. The mutation operation of a chromosome model group and selection / increase operation are repeatedly calculated until it results in the last generation that has been determined beforehand. In addition, the model with the highest adaptive value is determined to be "the optimal load ratio of the engine generators" in the last-generation chromosome model group. 
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In the operation of mutation, a parent chromosome model is first selected at random under the mutation probability given beforehand. Moreover, the position of the varying gene is decided at random. If the original value of a gene is 1, it changes to 0; if it is 0, it changes to 1.
Diesel-engine generator system
Engine generator specification
The test equipment of the cogeneration system using a small-scale diesel engine is shown in Fig. 6 (8) . The analysis of this paper uses the experimental results obtained by the operation of the test equipment of Fig. 6 . The engine specifications of the cogeneration system of Fig. 6 are shown in Table 1 . In addition, the specifications of a synchronous power generator are shown in Table 2 . The fuel of a diesel engine is kerosene, and the engine has 2 cylinders with 4 cycles. The power generator is a single-phase synchronous type, and the power is transmitted from the power axis of the diesel engine.
Output characteristics of a small-scale diesel-engine co-generation system (8)
The examination results of the calorific power of the kerosene fuel supplied to the small diesel-engine power generator are shown in Fig. 6 , and the heating value of the engine-cooling water, the heating value of engine exhaust gas, and the production of electricity are shown in Fig. 7 . If the kerosene fuel supplied to an engine is increased, the production of electricity and the heating value of the exhaust gas will increase, but the heating value of the engine-cooling water will decrease. The kerosene supply heating value at the time of 3 kW maximum output is 9.8 kW. Figure 8 shows the examination results of the production of electricity and the power generation efficiency of a diesel-engine power generator, as well as the load factor and power generation efficiency. Although the engine number of rotations was changed and examined from 1440 rpm to 2000 rpm, the influence on power generation efficiency was small. An approximate expression of each examination result is shown in the figure. These approximate expressions are used in the calculation of the power generation efficiency of the case study. Generally, in an engine generator of the same form, even if the maximum engine production of electricity differs, the characteristics of the load factor and power generation efficiency can be managed similarly. Then, similar to the relation between the load factor and the power generation efficiency of the engine generator used in the case study, it is managed without being dependent on the power generation capacity. The relation of the load factor and exhaust heat output of the 3kW
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engine generator shown in Fig. 9 was prepared based on the result of the experimental device shown in Fig. 6 . The exhaust heat output characteristic of the 18kW engine generator in Fig. 9 was calculated from the experimental result of a 3kW engine generator. However, the maximum power-generation efficiency of the 18kW engine generator increases compared with 3kW so that Section 5.2.1 may describe. For this reason, the exhaust heat characteristic of the 18kW engine generator is not 6 times the 3kW engine. In the case study described in the following section, the exhaust heat output characteristic of the engine generator shown in Fig. 9 is introduced.
Case study
Analysis program
The calculation of power cost takes the unit price of kerosene fuel. In this paper, the kerosene cost is set at 466 dollar/m 3 (9) . Moreover, the conversion rate of the dollar to the yen is 1 dollar = 118 yen. For the operation characteristics of the power distribution control method of an engine generator, software for the analysis flow of Fig. 5 is prepared and investigated.
Analysis Conditions of GA
In the analysis of the power distribution control method of the engine generator using GA, the number of generations is 5000, the number of chromosome models is 3000. Here, the model used for analysis is the chromosome model shown in Fig. 4 described in Section 4.2. Operation of mutation (Section 2.3) is added to 10 -6 % of the gene models shown in Fig. 4 among all the chromosome models. The generation number is the number of the rough indications to convergence achievement of the analysis. The generation number when converging is still smaller. In addition, in each generation, the adaptive value increases in the 50 highest chromosome models, and selects 50 chromosome models with a low order of adaptive value. Each of these parameters was decided by trial and error. The chromosome model introduced in this paper cannot express the method of controlling the number of operations of the engine generator. Although this is the reason for using the output characteristics of the engine generator shown in Fig. 7 for the analysis program of GA, even when the power is zero, the heat power of the engine-cooling water and exhaust gas is not zero. The chromosome model cannot express the stop of an engine generator. 
Energy demand models
The power demand pattern of Fig. 10 (a) is the measurement result of an individual house for a representative day in February in Sapporo, Japan (10) . Moreover, Fig. 10 (b) shows the heat demand pattern of each month of an average house in Sapporo (10) . The power demand pattern does not change significantly by each month. This is because there is no cooling load in the summer, and the exhaust heat and the heat of the auxiliary boiler are supplied to a house assuming the heating load of winter. In the case study, the load factor, the heating value of the cooling water, the heating value of the exhaust gas, the fuel consumption, and the power generation efficiency of each engine generator are calculated using the power demand pattern of the representative day shown in Fig. 10 (a) . The analysis model of IMG connects and constitutes 20 houses of the power pattern of Fig. 10 (a) . Figure 11 shows the result of analyzing the load factor of six engine generators placed in the power distribution control system. The power demand model used for analysis is February representation day shown in Fig. 10 (a) . In the analysis using GA, the value of the power load distribution rate with six engine generators can be obtained. From the power load distribution rate allocated to each engine, load factor of each engine shown in Fig. 11 was calculated. However, the determined the power load distribution rate is given to six engines at random. If it is the same sampling time, planning of each load factor of EG (1) Power distribution control of six engine generators (5) EG (6) shown in Fig. 11 replaces for other engine generators. Figure 12 shows the result of the power generation efficiency of the central system of one set of 18kW engine generators, and the power distribution control system of six sets of 3kW engine generators shown in Fig.  11 . Distribution of the engine generator will increase power generation efficiency clearly compared with the central system, as shown in Fig. 12 . Figure 13 shows the operation plan that replaces the result of the load factor of each engine generator shown in Fig. 11 , and gives a load to descending order from E/G (1) to E/G (6). In the operation plan shown in Fig.  13 , the power generation efficiency is the same as power distribution control system shown in Fig. 12 . Thus, the result of power generation efficiency of the operation plan shown in Fig. 11 and Fig. 13 is equivalent. Figure 14 shows the analysis results of the calorific fuel power consumed by the engine generator installed in 6 houses on a representative day in August and February. The power demand pattern shown in Fig. 9 (a) and the analysis results of Fig. 14 are similar figures, and the analysis using GA shows the operation characteristics that follow the power demand. Figure 15 shows the results of the cost of the fuel consumed by the boiler installed in 14 houses in which an engine generator is not installed. Figure 16 shows the results of the fuel cost when supplying energy to 20 houses connected to IMG by the power distribution control of the engine generators in February and August on a representative day. The sum totals of the cost of the fuel consumed by 6 engine generators and the cost of the fuel consumed by 6 boilers are shown in Fig. 16 (a) and Fig. 16 (b) . When the results of February and August are compared, there is no large difference in the fuel cost of the engine generators, but the cost of the fuel for the boilers is significantly different. Compared with the representative day in August, the results of the representative day in February show that the fuel cost of the engine generator is 1.02 times, the cost of the boiler fuel is 12.7 times, and the total is 2.6 times higher.
Results and discussion
Power distribution control of each engine generator 5.1.1 Load factor of each engine generator
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Control of the number of engine generators 5.2.1 Relation of the capacity and the maximum efficiency of an engine generator
Generally, if the capacity of an engine generator increases, efficiency will also increase. Therefore, Fig. 17 is used for the relation of the capacity and the maximum efficiency of an engine generator in analysis. The relation shown in Fig. 17 was obtained from cogeneration products using a small-scale diesel power plant (11) . Figures 18 show the analysis results of the heat of the engine-cooling water, the heat of the engine exhaust gas, and the power generation of each engine generator for distribution with six engine generators while the number of operations is controlled. The heat of the engine-cooling water changes little, even if the power load changes sharply according to the output characteristics of the engine generator shown in Fig. 7 . Therefore, if the demand characteristics of the power and the heat in Sapporo shown in Fig. 9 are taken into consideration and the engine generator operates from 23:00 to 05:00 with little power demand, a significant amount of heat from the engine-cooling water can be obtained.
Output characteristics of each engine generator
Power generation efficiency
Figures 19 show the analysis results of the power generation efficiency and the load factor of each sampling time of an engine generator with arranged distribution. The load factor of the central system is 28 to 89% of the range, and the power generation efficiency changes from 13% to 28% of the range. On the other hand, E/G(1) of the analysis results of the number of engine generators is 6 as shown in Fig. 19 , and is 100% of the load factor at all sampling times. From 02:00 to 05:00, E/G (2) has a load factor of 70% or more. The load factor is 100% in other time zones. E/G (3) has a load factor of 100% in the 06:00 to 09:00 time zone and the 16:00 to 23:00 time zone. E/G (1) to E/G (3) all show an operation pattern with a high load factor compared with the central system. On the other hand, E/G (4) and E/G (5) have a high load factor from 16:00 to nighttime, but in other time zones, the load factor shows a low operation pattern. Regarding E/G (6), the operation of the load factor at a maximum of 33% takes place only from 16:00 to 22:00, and the hours worked are short. If an engine generator is distributed and arranged, the operating ratio of the engine generator will be distributed. If the efficiency of an engine generator that has stopped is not taken into consideration, the power generation efficiency of the whole system of the distribution system of engine generators is improved compared with the central system. However, if the engine generator stops, an engine generator with short working hours arises. If the life of the whole engine generator linked to IMG is taken into consideration, periodically replacing the starting order of the engine generator of E/G (1) to E/G(6) is required, for example. Figure 20 shows the analysis results of expressing the number of distributions of an engine generator, and the amount of consumption of kerosene fuel on a representative day with the calorific power. However, the result shown in Fig. 20 is only the result of the fuel used for power generation, and the fuel used for heat supply is not included. When the number of engine installations is one, it shall be the central system, and the capacity of the power generator shall be 18 kW. This value can cover 20 houses with the maximum amount demanded of the power shown in Fig. 9 . Moreover, 2, 4, and 6 engine installations show 9 kW, 4.5 kW, and 3 kW in capacity, respectively. The relation between engine capacity and power generation efficiency was calculated using Fig. 17 . If the number of distributions of an engine generator increases as shown in the figure, fuel consumption will decrease. However, when four distributions of an engine generator is compared with six, the difference is 6%, and even if the number of installations is further increased, the reduction effect of fuel consumption shows slight improvement. Figure 21 shows the analysis results of the years of operation of IMG in which engine generators are distributed, and the cost of the kerosene fuel used for power generation. However, the result shown in Fig. 21 is only the result of the fuel cost for power generation; the fuel cost for heat supply is not included. The years of operation were analyzed as 3 or 10 years. An increase in the number of distributions of an engine generator will reduce the cost of kerosene consumption as shown in Fig. 20 . In particular, when the number of distributions of an engine generator is 2, compared with the central system, the decline is large, and there is a 27% reduction in kerosene cost. If the number of engine generators for distribution is increased, the cost of the kerosene fuel used for power generation will decrease, but the ratio of the effect becomes so insignificant that the number of engine generators increases. If the rise in facility costs due to the increase in the number of installations of an engine generator is taken into consideration, even if the number of distributions of an engine generator is determined to be 2, a reduction in kerosene fuel cost is fully attained. Because the transportation distance of exhaust heat will increase when the number of installation of an engine generator is reduced, the boiler cost in winter increases. Figure 22 shows the analysis results of all the engine generators of the 20 houses connected to IMG, and the cost of fuel consumption by all the boilers. The heating storage capacities connected to IMG are a total of 1620 MJ. The following section describes the comparison results of the fuel cost of the control of the number of operations method and the power distribution control method. Compared with the power distribution control system, the analysis results of the control of the number of operations system show the fuel cost of an engine generator to be 74%, the cost of boiler fuel to be 108%, and the total cost to be 96%. The power distribution control system has much exhaust heat from the engine generators compared with the control of the number of operations system, and the cost of the boiler fuel is low. On the other hand, in the control of the number of operations method, the fuel cost of the engine generators is low compared with the power distribution control method, and total cost falls by 4%. Compared with the power distribution control system, the control of the number of operations system can be performed at low cost of power generation fuel. Figure 23 shows the result of the annual energy cost of each operating method. As shown in Fig. 23 , the annual energy cost due to the micro-grids is cheaper than the conventional method. Compared with the conventional system, the reduction rate of the fuel cost of the control of the number of operations system is 16 %. And, compared with the conventional system, the reduction rate of the fuel cost of the power distribution control system is 8 %. The generation efficiency of the engine generator with load fluctuation does not exceed large compared with commercial power. Therefore, the reason the energy cost of the micro-grid is advantageous is that a power unit price and heat supply cost differ from the conventional method. In a micro-grid, heat cost is cheap by a waste heat recovery. From this, the energy supply cost of the micro-grid changes in the energy demand characteristic to introduce. Only by generating cost, the control of the number of operations system is reduced 22% compared with the conventional method. On the other hand, the power distribution control system increases slightly. When a system is introduced into communities with few heat demand amounts, the difference of the heat cost shown in Fig.  23 will become small. And the advantage of the energy cost of the micro-grid decreases. Here, the basic monthly charge for commercial power is 8.28 dollars, and the unit price is 0.205 dollar/kWh. Compared with the energy total cost of the conventional method, the reduction of the number of control operations and of the power distribution control operations is 38% and 33%, respectively. The engine micro-grid with improvement of partial-load operation falls in energy cost compared to the conventional method.
Power Costs
Relation between the control method and fuel cost
Conclusions
The relation between two control systems and the energy costs of the independent micro-grid (IMG) in which small diesel-engine power generators are distributed were investigated by numerical analysis. As a result, the following conclusions were obtained. Three systems of the conventional system (commercial power, heat storage tank and kerosene boiler)，the power distribution control system，and the control of the number of operations system were evaluated using the energy demand model of the 20 houses in Sapporo. Compared with the conventional system, the reduction rate of the fuel cost of the control of the number of operations system is 16 %. And, compared with the conventional system, the reduction rate of the fuel cost of the power distribution control system is 8 %. In the micro-grid, since engine exhaust heat is used, heat cost is cheap. The energy supply cost of the system takes influence in a heat demand characteristic greatly. When the proposal micro-grid is introduced into a community with little heat demand, the effectiveness over the conventional system will decrease. When only the generating cost of the micro-grid and the conventional method is compared, the control of the number of operations system will be reduced 22%. On the other hand, the power distribution control system increases slightly.
